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(54) NONAQUEOUS SECONDARY BATTERY 

(57)Abstract 

PURPOSE: To provide a highly safe nonaqueous secondary battery having high discharge 
operating voltage, large discharge capacity and an excellent charge and discharge cycle 
characteristic. 

CONSTITUTION: In a nonaqueous secondary battery whose negative electrode active material 
is composed of oxide mainly composed of at least one kind of semimeta! from groups IVB and 
VB of the periodic table to insert and release lithium, a positive electrode active material is 
composed of nonaqueous electrolyte containing a cobalt oxide and a lithium salt whose average 
particle diameter D is expressed by 3<D<9.0„m and volume occupied by a particle group having 
a particle diameter of 3 to 150,, m is not less than 75% of the total volume. The battery is 
constructed in a spiral shape, and the width of a negative electrode is made wider than the 
width of a positive electrode within a range of 0.2 to 5mm. 
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(57) [MB] 

[SHI ftv\kMfHMIE. 

[«Mt] y^^A^r»A> j»ai-5*tt 

<£t>l®<OJlS8#iEI VB, VB**4JMrS*fcL 

fciMbft^bfts**— *«*ki*5v^t, >r. JESS* 

lilt, ^PJS*ftaD365 3<D^ 9. 

ftg3-l 5 0 MmOtt^*Od&»5fl«iS±<*« 

n. Ktttttf, ffi«aic«tj££Jx % 0. 2 mm 
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[st*si] E«a»«, ase»w, y^*Ai&£ 

JJIIMEI.VB, VB«e¥&JR£fctt I n, Zn, Mg^ 

fc9 , 883-1 5 0 vm<D%L*&<D 

4^ 5 

— $&^A L i x C O yl My2 O* 

M : N i, V, Fe, Mn, Ti, CuOfA^Itftl 

y i : 0 . 7 5 — 1. 0 
y2 : 0 — 0 . 2 5 

yi +y2 = 1 

x = 0. 7£>&1. 20 
z= 1 - 5-3. 0 

2] 8^»s^M<niin y^ 

£ A £Jf A* Ge x S n x Pb, S b . Bi, 

Si, I n, Mg«:i*iU»Wfe5:t!r#S 

3 ] «EASS4Mt<0*ft < t fc l » 

S^5 % o-PbOiiSSnO % /^tSSnOzt* 
fc£«F« l* 2*fctt3fci1B*W>#* 

5 ] «AS««K<D«rJE(«c y * a a 

S^r6*ffi35SK»!Kflcoi g3rt:9 0. 0 4A£Lbcom 

«4:at^»t?fc a r. fc t-rzm&m i - 3 s *: 
£ iWSfc-rsBI** 1 —4 *fcr± 5 d 

[MM 9] IES, AS, jtrw*«*«*»fe*o, 
RASfctttt*ASS4Mt©**< latty^** 
£*?A, j»ffii-*«»!«*i vb % vsm^MRxfi 

coffin 0. 2 ^ y ^ — h/uJK±5 $ y ^ b — A'KTOtfi 



WIWt35»fe4 0, KASfc»rtSA«»***>*tt< i 
tlSliy^)^^»A, Mt5Jli»f IVB, V 
BiTciMln, Zn^61lfllfc'>4<ttll4: 
£tr mitm^h 9 , KjES*5 J: t«E4l*^-fe^ u- * - 
t«>o-e»#ailc«rt S tit v > 5#7k - icis v ^ 

— -fe^K **7L®0. 05^o^f>0. 15^ 
10 py^U a-i^-f *<D#?LMK"C&5:: fcSrW 

[»#JSll] ir^°u-^-^7L*3 5^— tr*' Yt* 

155 y 1 1^7 >f y-<-^ <D#7LSM^r 2 ft 

«Wt*»fe*0. RASI-*tt5A«S«*&**< * 
20 B8i7c*a^In, Zna>bi«ilfc*4<fctlt* 

^ n t t -r s #*m?&o 

[00 0 1] 

30 [000 2] 

[^^^Sil Sn02^Snft^«Sryf!>^«ft© 

— F eaOsiwS n02<Ojg*D (SnO2^U«0^ 
SO. 5-10W%) (W^BS62-219, 46 
5) jWn&*l/CV*5 D ESSWJf t LTh LiCo02 

(#^Bg5 5-136, 1 3 1) o — 

v/3-f^@ic^ofc9i-^wi:^^MT*fcofc 0 ^ 
onJHSrWR-^S^ifettWBi^S-e 2 7 1 3^«(c 
f5^$tlTV>6o #Wl-3 0 4 6 6 4fT1i¥» 
&3&5 1 0—15 0 AtmCDL i Co02«:fflV^**t« 

ot, #H¥4-3 3 2 60-9-tfi?^6i^0. 5m 
so ^{C. ^St^feoto ^5-9 4 8 2 2 
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%-X*Wfcfc<D#L&5tffi(DL i 1.03 C 00.92 Sno.02 O2 

?r^lC^-r 5 t> T-f± ft 3>o tz 0 
[0 0 0 3] 

[0 0 0 4] 

(1) jESSHMT, ilffifSfefT, y^*A&£^fr#7k 

ft<iti«r±, y^*A£ifA, ftttj-t-5«»!»* i 

VB, VBK^^M^/cti I n, Zn, MgWt&tf 
tbfc^ft < t fc— ««r*tf»ffc»-T?fc D > 3&*ojE«fS* 
filT, ?^1D^3<D<9. O^mffe!), ^ 
o x )ffrg3— 1 5 0 /i m<D%L^Wt<D£lbZ>i£mi) l ±#$6 

— ^X^CA L ixCOyl My2 Oz 20 

M : N i, V, Fe, Mn, Ti, CuOt^bltfft 

yi : 0 . 75-1. 0 
y2 : 0-0. 2 5 

yl + y2 = 1 

x = 0 . 7^f)l. 20 
z=l. 5-3. 0 

(2) iEm. km. RTjftxmM'Rfrbfty), k^sj- 

*»t5A«SftlT^*< £ t> lili!) ^**&»A. 
»UJ-rS»ffl#*I VB, VBS7n*Mln, Zn^ 30 

bft «? . BEA«lc»»tSA«S«K^*< 1 t> 1 an 

y^*A£f¥A. *tBi-5iiW#^ I VB, VBfeytm 
RT* In, Zn^5>ltfnfc'>4< 1 1 HtfefftfiMfc 

S^CTL^O. 05;.^oy^f)0. 15^^PV(0^y 

(4) -fe/^-^-d5Sa*3 5/<— ty hd»b4 0/^ 
— ^:*:?LM0. OS^py^bO. 15;^ 

(5) jESL ffif£&J*8Hb&<0;ftlI> so 



[0 0 0 5] MT'tP, Ji^#^I VB*5J:r//* 
fc^VBltM^tt, Ge. Sn, Pb, Sb, Bi 

TMt5 0 a-PbOSSSnO^fA't 

LftV>a*\ ^rtte>^y^i>AS:}*AL3»Jt5^:je**a 

«ai*tt»8 0%«fi6O%tev\ ^ot, 

tt, H«MMt©«*.ri, a - P b o#RK S n o^/i^vu 

«3SSn02(OJ:5*-fb-&», -J-ftte-fe, y^*^£rf¥ 

[0006] *amT?95 &^tt*>ttiK 

#®A#fltlt, GeO. Ge02, S n <X Sn 
O2, PbO, Pb02, Pb203, Pbs04. Sb 
2O3. Sb204, Sb20s, B ia03, B i20^ Bi 

2 o 5 * tz ittti e> ©iwb4fe©#*iMWb-fi* ft if-c & 

5 e W^O^-Ct), SnO. SnOz, GeO, G 
e02dS»*L<, ttlCSnO, S n O2 * UV\ a 
-PbO^litSnO, A&A>Wt& nOz. GeO, /U 
^/V-filitG e O2 L < , a - P b Ofllig S n 

O, /Vf/H3tSn0 2 ^tV\ 
[0 0 0 7] **«(D*Sfi»HlI*l:#«k^«Sr 

SS4, ^5*5j:t^m6il^^7C^T-^ IIIAR3&»e>JSl 
B^^M-T^TC^) ^JBJWWJR IIIB^cOtc^, T/U 

^y^M (MMKX0IA. JSIIAOtc*) ^P. C 
K Br. I. F***«ri#"C#*. S 

Sb, In, NbOfc^W OK-^yK ^fc^TC 

-2 0^/U%^»^b^\ 
[0 00 8] ACS««rottB*0'frAS tlt< S n 

g^Sri, «o*»ttfc*IMbT/*# 
y. «^ff, *BMby^^A, *Mthy^, TKgg 
{b^y-^A, *iMb*^->!>A, *»{b^^*>^^\ 
7K^{br >^e^ •> a t ft jfOTkSiKSrffi'fr UT7K^{bm 

feSt^i. 8S^>ft^^ t l , T2 5 0 — 2 0 0 O^JC 



5 

411T-g«(-<t 5S'J^T* 0 . 01/i m- 1 m m^£P 
*LV\ £<(C0. 02/im-0. 2/zm^U\ 

v\ m^c, snom mc%— ffl, nftjg-^ « 

H«rlfc*36S*ftv^^^4>"e, 2 5 0-1000 
m3&sff*LV\ e *0>fl&<7>HMI:«tf\ Sn02^SnO 

[0 0 0 9] *«We«V^6*b-5IE*S«KW:— »«A 20 

— j&5£A L i x C Oyl My2 Oz 

©LT-«3*A«coV^TS¥«BlcRW"rS 0 MteN i , V, 
Fe, Mn, Ti, C u <0$*fr kiSfiMT,37G*-C?*> 0 , 
»$KI4Ni, V, Mnt'fc?), 4*(^»^L<ttV-C 
yittO. 75-1. O-Cfcfl, #£L<tt0. 8 
-1. 0t?*>!9, «Ft-»*L< ttO. 8 5-1. Offe 
£ o y2d:0-0. 25tfc9, 2T 
£>9, ^{^t<ii0-0. 15T-fe3 0 i£fCyl +y2 
= 1 "C*)5o xtt*ft«tC«t 30 

U0. 7 — 1. 20tfc^ KKliO. 8—1. 
1 #Kl#£L<rt:0. 95-1. 0-C*>5 o 

3. 0T'fc5rtW^H/\ 

[0010] — **A-e*$ix5#*Lv^b'fr«i it 

ii, LiCo02 > L i 0.97 CoOz, LiCoo.s Ni 
0.1 Oz, Li Coo. 95 Vo.os Oz, Li Coo. 98 V0.02 
Oz, LiCoo.75 Feo.25 Oz, L i C 00.75 Mno.25 
Oz, Li Coo. 85 Mno.is Oz, Li Coo. 95 Mno.os 
Oz, L i 1.02 Co 0.97 Mno.03 Oz, Li Coo. 97 Ti 40 

0.03 Oz, Li COO. 97 CU0.03 Oz ( ww~Cz=l. 7 

-2. 3) &&>\? btl*&^frb\^mfe£frZ>h<OX*YZ 

[0011] jESffittjru. 9f*Aft**ii»4i 

250-2000 L < , 350-1500 
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6 

^J10%J^T) fcSWS^Stttf* 

[0 0 12] #»WTfflv^5iEWS«K©tt-¥-+^Xtt 
3p*S«[gDdS3<D^ 9. Oi/mffc^ ^o, 813 
-1 5 m m^*©fift5»8liS±fHI© 7 5%K± 
tfc5Ii:^t<, S U<tt3. 5<D^ 

8 . 5 n mtfc 9 , ^O, 81 3 — 15/1 mOW^^) 
£&S^aS£f***>8 0%W±"C*>«9. #{C»^L< 
#4. 0<D^8. 0 /zmT'feD, 7*>o, 813— 1 5 

[0013]*fc, — «*A^>jE«Sft«^»S3 /zm 
9, ^o, 1 5 ^ m&±2 5 m mKTOft^S^fiftS 

i 3%^m5:^mi<> 

1 7 %«T"C*> 9 > J**0* 15/i mJ£A_t 2 5 // m 

^T^Hoi^^M^M^ 7 w 

«)5»ai s i*8l© 1 6 %«T"Cfc 9 > d*o* 15/i ni 
JEJLL2 5 m m^T^S©£^5^^®^2% 

[0 0 14] ^o, ftm&m&tik LTi*#;£L< teD 
(2 5%) = 3-7 /zm, D (50%) = 4 — 9/zm, 
D (7 5%) = 5— 12/xm, D (90%) =6 — 13 
MmT*fc«9, Se>«C#*L<ttD (2 5%) =3 — 5/x 
m, D (5 0%>) = 4-7 /xm, D (75%) =5-8 
/x m, D (9 0%) =6 — 9 /zmT-fet). L< 
f£D (2 5%) =3-5 /im, D (50%) =4 — 6/z 
m, D (7 5%) =5-7 M m, D (90%) =6-9 

[0 0 15] £fc, jR5SA«)MS4fcirWcl 

#S4l^fcHU l/zm«Tt>b<«2 5/im«±C08^ 
(0*^^ 3 %^TT^ 5 r t *t 5 0 
£L<ti:l /imOTt)Klt2 5 /z mEl±<DtgL*<D#& 

2 %OTT'fc 9 , b < 1 ju mfiTFfc L 
<fi2 5 MmH±©tt^#8l»W J 0%-Cfc5. -tt 
3*;AOjE«iS*JtOtt:*ffiaffc LTttO. lm 2 /g-2 
0 ra Vgt'fc5:i:^l<, $^(CS 1 ^L<^0. 
lm 2 /g-5m 2 /gT^«9, #(C^^L< W: 0 . 2m 2 / 

[0016] «aA^jE«S*Jt«:«rit^J: 
oti^I^ M^^tt(i5 0 0-1 5 0 0tT - 

fc5:t»L<, se>cff*u<«:7oo-i2o 
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Ott'fc^ t<l^t<|j:7 5 0-1 0 0 0t:-C$) 
5o «**IBtUTW:4-3 0B*nB^ff*L<, 

[0 0 17] — jR*A<DE«ffi*fCS:j!ffitf;i-5IR^Ja» 
fcLTIiCoO, C02O3. C03O4. £*»='Vi'K 

^*>»y^*A, vo, V2O3, V2O5. TkiMb^ 

v^A, ^^^87^=^, MnOz, Mnz 
O3, 7kmt~?>'tfl'. Sfi*"^^^ 

flltR^V'^v, 1Mb* 

(2«, 3» , *IMbft (2ffi. 3 

ffi) . mmm (2m. 3m) . (2m. 3m) . 
frmitm. titiMR. mmm. m\^i cue. 21) . * 

[0018] *rt*fc8l^ft£**ToTfcJ:v\ ftdKS 

*ifc-iWA©iis»wicfic 0304, «»y^^ 

L<tt99. 9%Klt*fcD, ttl:»tt<(i9 9. 9 
9%£JLt"T?fc5o Bf^tt^^X^i-SlCtt, fi<js 

— A-^/K MS)#— z^^/K 
[0 0 19] *»W-CJB^5AMS4Mt«: % -tcotftJEff 

tt^llfb^i^ y ^ * a *i¥A1-s c t 

JL y^*Ai»^tf#*«»«^6ft.SIMfc»5B* 40 
(«x.tfBSJk* *fctt*BB5R- («») ) 

(*«) ) tarn-*-* 3 

[0020] y^^^s:««^WJ-»Ai-5»*, fflr 

8#©»ft»l gSfcUO. 0 4 A— 1 A<D«SfcS:«rt- 
r-fcW*U\ C;h,£9tev>m$fcT*y^*A£*¥AL so 



* 3 S<^;^C, ?M!tt©«;Wb*ftlc 

i-Al (8 0-2 011%) |C#U&0. 6V£TFfc 

n«»ttiBv^«^t<Bv^m«E"Ct^*fe*v\ Hie, 
lilMflwiMbfti gSfcl? 0. 06A-0. 8A^)SI 

[0 0 2 1 ] yf^^ffAill »l:R£Sii4v> 
«|*tfLi-Al (8 0-2 011%) I^U 

o. o 5 vtctt5*-cjfAi-scfcas#*bv\ <se> 
tc, o._ivtr^A«:k»ti<, o. 

1 5 V*T?#At5 c t y^ 

9^jfA<z>^*tt3 — i os*Jiftor*5i9 , rco^a 
fiKg^fcffiJBSJfcsfMc, o. 5~2«*>«**:a>tt 

■cE^sr tasff*uv\ y^*i^««&»dSEasftsr 
em^-cwc y^*A&«^& % :/*7uy^* 

<5v*fc«B*Jt»^ 0. 5-2f&0^»£a>ttTJB^ 
[0 0 2 2] ]BK«&A«»0Jt* (£IT, C/A 

mAH) / (IMImAH) ) ttO. 5^^,5 0® 
B, «fcB#*L<ttia»fc4, *t#*U<ttl. 5 36* 
b3. 5t^So 

[00 2 3] *55Mw»^ft«rfiSffiftK^ffirJE*i: L 
xm v >fc»g\ r y 7 A Srff A L X fc ^rix-ett<75^M 

aufco **u±, (i) 

(2) Ait^Lfcy ^^AjfA/isw^aflc^K^ft 

MfL^^otV>5wt, (3) SnO-Cfi, 

y A#Afc*H-S3Ska©ajfetttt l ^fi-cfeo/cco 

rtftif*»b, «itt?srSp »ftft<o«ffifi. 

l«*ltft«fctBli:<, *ft5-<*>'«^"Cfcft<, 

*fc*ft6AJ■*-fr-e^>ftv^»^:fto■cv^5t>fl!>^:«l 

[0024] *&m<D&titm mmffi a> 

it, &&mmc£t>ox\<^< 0 ^ot, ^««ftst^ 

^fttit^$ix5o t£oT, *38W<0»{b« (ffifffiff) 
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[0 0 2 5] **W*cflMrr«v^ct3fts-C#6A«iS 

g. Al-Sn, Al-In, Al-Cd^W9f!> 

»fe 5 v y 7 * - \s >mmw£ anommmm* i 

2 — 1 5M%#«M£ft*Ll/\ Sn ° 
zicis b£ K— y**fcJ:5tc, S*WM>tMWW-»^ 

[0027] is*«i^tt. a*. t^A/. #y tr-^ 
n-*, *y tr^^u y h\ *y ^/vfp v k>\ 

fl/y, TKy :/n fcrv>\ xfuy-^ntvy-^ 
^_#y^._- (E P DM) s ^*yftEPDM, * 

#l:2-3 0li%«U\ 7-f7-H ^ 

[0028] ma?ir<>: tttt, *r»*»t* 7* tf 



f 6 3 0 2 8 
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Tirh-hy^> ^hn^^y, «BM3vK SSM^ 

trv^*-#*- FR9^ 7h7t Ko77^S 

> Uc§I^«W^yf)^ L i 

C104, LiBFe. LiPFe. L1CF3SO3, L 
iCFaCOz, LiAsFe. LiSbFe. LiBioC 
1 10 . &Uitm*A'#i'*V9'9±* LiAJC 
14. LiCK LiBr. Li K ^uu^y>V^ 

H7 9 f !> ^4 ^ 1 aa±^ 

CF3SO3, LiC104, L i B F^^tf/fr^VM* 
0 L i PFs«r^l>«!Wt^»*UV\ 

[0 0 2 9] £ t)Xfyy^-«-hi: 

£\ 0. 4/0. 6~0. 6/0. 4 (^i^V^^7 — ^ 
$|i0. 4/0. 6 — 0. 6/0. 4, £fcl, 2-v^ 
<oa^Jt*tt0. 4/0. 6-0. 6/0. 4) 

[0 0 3 0] ^/t. WWK^te^R^ttH***** 5 

40 ^Pb4aTV^So tt^-Ct, LiaN, Li K LisNI 
2. L i 3 N— L i I - L i OH. L i S i 04, L i S 
i O4-L i I -L i OH, xLi3P04- (l -x) 
L i4S i 04, L 12 S i S3, mibV Wb*4fcttif* s # 

j»-e*5. *«H*«!Hr-ett. 7Ky^^^>-^^f-^ 
3&s#«i-e*)5. #yr^ y n= by/wsr«*« - 
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[0 0 3 1] -fe^U— * — tt, -Y^SiS** 5 **^ 

— cottar yyntfu->-, ^yxf uw^^t 

V\ IKatt-fe^U— <Z>S7L* (ASTM D2 8 7 

3tcJ:5ffi) ttff* t < 5/<--fey b^5> 4 

0s<— fc^K X L< te£?L^3 7^— ir> hfr 

(SEMfciJ;!)**) tt. #*L<I*. ft«-C**?L« 
0. O5^o^5)0. 15;^ny, Mit't^ 
0. Ol^n^bO. 0 7^Dyt'fc5o i59 
*L<tt, ««-C**JL«0. U^o^feO. 14 
5 * n>\ Sfg"e*;*:0. 03^B^f)0. 0 6 5: 

fc^-t^u-^-offe^^M^s S«8i9fiR (AS 
TM D- 7 2 6(CJ:51) I12 5^f>6 0sec / l 0 
mK IlXffi^ (AS TM D- 1 2 0 4, gSBc 9 0«60 
#<7>ffi) 5/<-iryfm 5lo5Ii9^$ (ASTM 
D-8 8 2) MDl^l 0 5 5 =^ n ^ ^/^;£ir >^ 
h/MMS. TDI^8 jU/^irV^ 

[0 0 3 2] Sfc-tM^/H^ i§Sc«5St£, il^milte 



30 



40 



50 



Kxf/U7^y) ^a/^- 1 - h !)xf /U7y^-!> 
[0 0 3 3] 77^ 77^Bi#, fp-;wgS#, 

ft7iys»#, tfy^v'R**. ^;yys«», 
y Kx -fyK-^ ^ v. ^M7 p h^yx^;^y 
/k -<^y hy ry—j^tz^(Dmmw. >\ v 

nftft, iumh* ^yyyR»*, t*yv?y 

h\ ^.yfy7/wyy», k^^/v^/u^ 

^7^y, h^7/- /K xfi/y^7; 
y, 3Ky7^y«, 7^x^/-;K Fyx^7-;v 
T^Rag#, y^7^, *0v=»"*— K fc^T= 
K, ***xifc?H* *^*y>JB. 7;/-<yX77V7 
t k, v N fy^y, 5*vy ^S. -<yx^ 
c ^y^y^x^AN-^y^- 
✓<?*>r K ty^7/wK^yA, :7 ^ y — /u^gfr, 
^7fy^^ 

[0 0 3 4] £fc, «»««r^F«tttwi-5fe«)I^M3 

«Sf«StC**-frSr (#^BS4 8-3 6, 

6 3 2) iBia^^S^^rtfcii:^^*^**^ 
lcK»^*t**5-i:^"C*5. (#§^BS5 9-1 
3 4, 5 6 7) 

[0 0 3 5] ^fc, EttJS>Aao^#JtCtt««fiK*>SV^ 

y "^-^ hn^^y «#HBg 4 8-3 6, 6 
3 3) . m>M& (#§IBg5 7-1 2 4, 8 7 0) 

[0 0 3 6] ^yt, IE«S«KO*B*:ekKi-5C:i:3fl« 

t) (#^BS 55-163, 779) Lfc^, ^rl^- 
h{bSlT'^ (#HHBS5 5- 1 6 3, 7 8 0) >*Htt 

(#iBS58-l 6 3, 1 8 8,1^5 9-14, 
2 7 4), ^DxfuytW K4if (#r^BS6 0- 
9 7, 5 6 1) fcj: «?^3S-T5Ct^jf P.H^o * 

(4#^Bg5 8-111, 276) , $>SV>fiL i C 1 
(4#^BS5 8- 1 4 2, 7 7 1) ttiftcj: 



13 

[0037] mmmyawo&n&t b-cr*, m&zfrfc 
mm^&^x it^mt MwSftv *> tt « 

= y*vK ^*^fc^tt«&&a£^fct><^ ASK- 

b^^^®^^^-^^^ 1 ^^^ 0 ***** 
0 0 ^m^^^^^^c 

[0 0 3 8] ga^Koifii-fift^*^^ 1 '^^ 
tL5o *o4i^ii, »*U<tt. yw-K*a. ^ 

o . i * - 1 b i o o ^ 
[0039] M^titi/- h«<o««tt. mm&M* 

<7>*gg££&9l&< iLtsWTfrft*. ftfllkco*-fei:UT«: 

~^*&^/3^bft5av #t-> f»au 
©ftH*s»*u<. M»-eb«i«»^-^ 63 ! 



&m¥-7- 2 6 3 0 2 8 

14 

?Aft*>ftH-C*ftS*u 3t»*^»*^ tffc^*^ * 

— f/uS^0^3B*2. 5^o^7Al^l0^n^ 

n^7At^b 2 5^o^7^*^*SH* s »^#*b 
v\ 

[0 0 4 0] M^hrMWft»*^«*r^« v ^ 

0. 2^y^-h>naJi5 5 5^-fA-aT©«H-eE 

«i>«J:9*«*JKV^t^ J:0#*U<r40. 5 ^ » 
/ — W^£Ul4 ^ y * — h/^KT^ftH^jE**)** 0 

5«WrSK5w^-efc5*K ^'>*>^ y «±ttfF»**t 

5 0 r<E>m£\ ^y o«ft»*w^>**tt»*u<ri« 

®Tti¥^^ y ^ — f/^SfcO«>3**0- l^n^^l 
3&»fe 1 0 0*n^7AS<&*5ffl~e****U X»#«>» 

r^; = ?^t*, spjsr* y ^-^afcoowi 

^p^Al^b 20^n^7^ii^^<^ 

S^b 1 0^0 ^7 <^81^l:9* l^. 

9^35* 2. 5*o^Al^b2 5*P^7AlO« 
[0 0 4 1] htt^ISli^ Sffi^SJ^t-*^^ 

v^b^^5^> «fi-. »sa. Kffi, #^ftx ^ 
^^x^-r 5 r k *-c# 60 ttftaucttSft 2 0 

£*fo«tt3 5 0flW*#*LV\ m*S10 0»» 
bffift2 5 0S3& s «t ?)ff*UV\ BiTktt^*^ y^-h 

0 ^4if-caaai»six5. x»»^t/u5=.»a«>» 



(9) 



&m¥-7-2 6 3 0 2 8 
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"f- 5 t , #7Kfi^m?fe±*-e 2 0 0 0 p p mJ^TJ^lfc 
LV\ mS'&Sll c t 1 "ett5 0 0 p pm£JLTdS»* L< , 2 
0 0 p p m«TJ&* «fc 9 LV\ 

[0 0 4 2] Ai^i^-MCl^ICJECtv'- h 

So 

[0043] h ic»i^s?jcjs cr y - ^ 

hJBlcteT/u^^, = ^*>\ 

i^ns,, m*bco^T\ iES(D«av'— fffi^ttr/u 
[oo4 4] y — K#^o»o»ftffi«tt. jE@^mn 

[0 04 5] ±15 y - ^Id tt&fifcJS Ct^ir- 

^ kmnl * y>r ^ h\ 

Tify^u^^v. ^y^tvy, 
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^e>iaei±. tt#sitLTtt. ->y=— r*y 
~i%b<D<PX\ IMi^/hv, tt»*ja^>y 
— :A ss^y^; h\ ttjwa^r^ y/u**>^— :/ 
y^y7jf>^o^^ k y 9 ^Lisv^—:/ 

[oo46] ^^cJSl:tts^v^5I^:^#5o 

«S^Wfftt, (SUS304, SUS3 

01, SUS316. SUS4 3 0^) > T^~£ 

r^^ Kfltti. *y-< ^ k. 
«RSfttr=/u, ^y^i^^>-, tr^— /u % r^y 
^u— TKyt^y^y, 7Ky>^crt o u>. zKy^ 
o^c^^co^co. ^^l^t^T*^^o— ^^-^infc^fsc^: 

[0 04 7] ««0<f 0tt^*B^«*P= ^>"y— Sffi 

fcttTSBsstt^o ^s«3& 5 *a, rt««ffidSjEa-c 
5o -fe^i — ^— nmMtej]-c3\imbtiz>tBL\*\ 

s<u— <D^\^m t )y L >'iyB L< til 0 0^ - 

so 7At^f>10*o^7^I, J:0^*U<Ji2OO^ 



(10) 



6 3 0 2 8 
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18 



aMt-c»flE»fc/h*< Lt:t>Av\ »H©BWBt«r±«i 
#2 oEHBa»&»#3 o o 0 EHEtf>JSIia J »* * 

tt,«»3 0»6»d3 0 0 imt5<7?«5»/J s i 9 ff * 

[0 0 4 8] #ias*tfc«aff«*Kt«;c-c#jh7— 
^-i^y^i^. t7p^, ^y^^/v, mn&it 

ftsh-cttv\ *fc^jtx-^i4. m«*»*s«>- 
[0049] «rema»ttm»tBt«Wft*^5. 

«5»W4, sy-Jr/U****** (SUS 
304. SUS 3 0 4L, SUS304N, SUS31 
6. S U S 3 1 6L, SUS430, SUS444 

[00501 *aflEtm»teJS»M> «** 

/K =Flt*. **** T^J^7*-A. 
7;t _ ii l7 ^ V 7^ 

[0 0 5 1] *»ft^«B*«:#Ai-5Kr4«it7— ^ 
5 0 0 5 * n ^*»teflsoTi3# Wiftt**«*>aStt 



# N ffA^fc^M-v^ «aflco#A*. y-K*^w5 

[oo52] *mwm*ft AtttMffiii- *»" n * 
feHB*»e,n«*n-9— rrwu-TRUfens. rot 

20 fc^v\ 

[0 0 5 3] mf&teP^o^^' 75 ^^ isitfxtt:, # 



u ^T'n f u > =f a >i* ix*»fe S v >»4 m b roa-g-ft 
so t*^*^»BStt»i:'4:tK:*CiMB:»W . » 
3V*=fA (55«^ (NR) , (I 
R) -ffV^^J* (BR) , 1. 2-^y^^-^* 
X (1, 2-BR) , *Wy-t9V*V*± (SB 
R ) , ^bbT-W^ (CR) > =.M>^=^A (NB 
R) [ y^=fA (IIR). xfl/y-^^^J 
i. (EPM, E P DM) . ?BDX**5'ft*!I*f> 
V (CSM) s 7^5^ (ACM, ANM) ) ^i 5 

[0054] -ixbWi^-c-^^t u-ci^->y = 
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(11) 



6 3 0 2 8 

20 



5/ X/ujfe«B4rR«^©eS-&T»*-1-5* , ft3&s* ) 5o 
U^6 000 EHEjftS# * U < , ft^T 
m&6 o*»b6 0 OSHE^J: 9#£Lv\ SfcisHEtttt: 

4 5***6 3 0*«»S*-C*9ftrtfct©«3ftS« 

[0 0 5 5]'«»rt«n«t«ft r/u=r^, flt 

if tf*fc Six, 

<, mo. 2%a»e>5%asj:»>#£Lv\ 
[0056] tfxtrv h<DttW&. nty^wvm* 

— h — b/u • g> • y<^^7/u) i*$f£L 

<|j:2 0 0OT, iUffiKlilOOKT, 

ho. 5H50 (OVios) , gioKugssi 

"50H8 00 (*n^JxS/¥2fir>^— h 
/U) % 0H 1 00 0 (%) , *ltf?IM£*5 0 

00*^300 0 0 (#o^Al/T*t^W-h 

/b) , br*y mc-fbj*8 oa>e>2 o o (s^aao . as 

a£l*>b5 0 (^D^7^1*tW-h/v/¥* 
-fe:^^^- h/u) , EE«5W4*2 0 00H1 8 0 0 0 
(^n^7Al/¥*ty^- h/i-0 , !Hg3£gl 5 
036^ 1 2 0 0 (=3rD^7^1/¥^y^- Wu) 

ffiflB*9»c«ft 5 O&frb 2 0 0g(OgI-Cl 0#^ 1 

[0 0 5 7] »n*EXl/*^:tt^^3'^tt'Ktt^7 t ^ 

(SUS2 0 1, (OTSUSMt) 2 0 2, 
301, 3 0 1 Jl, 302, 3 0 2 B, 404, 30 
4L, 3 04N1, 3 04N, 2 3 0 4 LN, 3 0 5, 
309S, 310S, 316, 316L, 316N, 3 
16LN, 316J1, 316J1L, 317, 317 



L, 317J1, 321, 347, XM15J1, 32 
9J1, 329J2L, 405, 410L, 429, 4 
3 0, 4 3 0 LX, 4 34, 4 3 6 L, 444, 44 7 
J 1 , XM2 7, 403, 410, 410S, 420J 
1, 420J2, 429J1, 440 A, 631) , T 
/W^^A^fclj:^^ (J IS(f»: 1N9 9, 1 
N90, 1085, 1080, 1070, 1 060, 1 
0 5 0, 1 2 3 0, 1N3 0, 1 1 00, 1 2 00, 1 
N00, 2011, 2014, 2017, 2117, 2 
10 018, 2218, 2618, 2219, 2024, 2 

0 2 5, 2N0 1, 3 00 3, 3 2 0 3, 3 004, 3 

1 04, 3 00 5, 3 1 0 5, 40 3 2, 5 0 0 5, 5 
0 5 2, ,5 6 5 2, 5 1 5 4, 5 2 5 4, 5 0 5 6, 5 
0 8 2, 5 1 8 2, 5 0 8 3, 5 0 8 6, 5N01, 5 
N02, 6101, 6003, 6151, 6061, 6 
NOl, 6 0 6 3, 7 0 0 3, 7N0 1, 7 0 5 0, 7 
0 7 2, 7 0 7 5) , ^?^tzfc*:<D&& ( J I S 
1*1, m2m. ^31> Ti-0. 15Pd,Ti- 
0. 3Mo-0. 8Ni, Ti-5TaS , —y^fr 

[0 0 5 8] WPSi^y^B, mm 

ch^bs 59-15398) , s^mia^s^^ 

# (ftHBS 51-75930 (Z>?6*ftflf lCfE*^#. # 
[^4-3 2 8 2 4 1 <D#) , BS»3!#*^3'b «*BB 

f2-ii 70 6 3) , nmittm&&fr mtuw-i - 
151152) , m&mmM$:±# mmwe 3-28 

30 5 8 5 8), ^-/V^lISi* (#^Bg6 3-3 2 8 
5 2), #P*Prafflft±# (#P^^2 - 2 8 8 0 6 
3) , HHBfflSf^* (#^5S6 0-2 3 0 3 5 3),? 
*R*S±# 63-81761) , # 

# (4#HIBg6 1-188853) , «*HI 
Bg4 9-5 0 4 3 4) , ^M?c^# (»BB¥2-1 3 9 
8 5 0) Ctl^cO^T*, 

[0 0 5 9] *S^OS*^ft»^ &tf3;fcfi, 

[0060] *jgM«>fl;»^sp(o*ife^tt»o^aa 

(OJH^-Srjlfcias AJR7 ^ 3= fcli&JH fyi: 
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[0061] tsflolftiiiWibti* 13 *' 

[0062] *^romfei±^^e>tf*f n ^^ 
[0063] «^-r-5SP«- 

***v mam. 

^5t«tv\ (6j»»«ft3oaEi»e.»ttioo*©«a 

[0 0 6 4] «flti-5«*t «*« if*** 

K *tn8u *W 

/^lit^Xro&t, RffiS. XR£* KillS, ¥*t£ 
***** • M»U tfc^WfiaSC-C^WX©^. 
Rffi«. IRS, MS. 30 

■£L<l*o. ±9#*L<r*o. 
03;^-w^rt, R«*r±#*L<tto. is!) 

rt, xn*tt»*u<i±o. 

<I40. UM-b^Brt. < tD»*U<(40. 03 

[0065] MP Ufc*BWW«?&«^S«-^C-Cffij* 
ffl^5fc«fcv\ «H4«ft 3 0 10 0*©* 

[0 0 6 6] *&m<n*tktt.&&KiS;KX&t&mZfr 
5. EttWBEMfc. rtWSStSlJE* ^ ft2 £ 



^psp7-2 6 3 0 2 8 
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o **» e> 9 o*ri 3 o b ©iB»»a. **» 

[0 0 6 7] *3SW«)«J&l±^SI-(SC-C^W^a 

[0 0 6 8] *»W©«?fcl4^StwJS:C-C 1 **fcl4lS 

UTt4 3*tt?ii, 2*iO<J. 4*Bt*L s^a: 
JO, 6*£&k 3*3feW» 2*3WU 4 2^afc^>J. 

6 ^fc-©m»^5'^' ;:: f* PTC ^ 
fifita-X, RWSfctt. t^- 

ro^SCSI-?-©^^^, K^iS^t- <t rex J: ? 

»/<y^KI4» ftJE^SitiaK (DC-DC = WW 
Us) S:rtKL-Ct>iv\ *fc**«»«>«Ktt3— K« 

[0069] *^?gromfei±*m?&*fci4&m?th.-c?Em 
smt±. -jeo««v t^«s o o 5ury<rtS 

1L-S©®£. «>Jxtf4. 3^Uh-C*f?JtL-rtSV^ 
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[0070] *&w<z>&*i-&& t m<Dmmztt:, wkr 
— y — b^y = >, Sl;-h^y = ^ -o-a^^v 

0-K^7r>3t- T^q>\ b# 

if. ^buTK, ^7^7. mmm& (•"<— , m 

[0 0 7 1 ] 

o 3 04, CoOl«, spiSaS4. 2 M m) £: y 

fc. Z<DM&M<D&&te0. 7 5 g/cm 3 Tfeofc 0 30 
:ix^^T7 5 0^3B*WJfeSLfc«S e>£9 0 

0 6 ^IS L L i C o Oz (ft^te 1 - A) 

8. 6^m, ItgtmmtO. 4 5m 2 /g, 4*8^ 

£7t. Umi^T^> 2 5 /zmE*±<0«tt««£ft& 

MMLA5 0 0) TjiSLfco X«lEl*fJC*5 
V^TCo3 04f4fif>tlW»ofc. ttFT-I R*»&tt 

1 0.97 C o Oz ({titty) 1 — B ) N L i C o 0.9 N i o.i 
Oz Wk^*l-C) , LiCoo.95 Vo.os Oz tffc<&» 
1-D) , LiCoo.98 V0.02 Oz Mfrfr4fcl-E) % 



— 2 6 3 0 2 8 
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LiCoo.75 Feo.25 Oz (flrfNhl— F) , LiCo 
0.75 Mno.25 Oz ({titty 1 — G) % L i Coo. 85 Mn 
o.i5 Oz ({££■%} 1— H) „ Li Coo. 95 Mno.os O 
z tffrfrttl — I) . Li i.02 C 00.97 Mno.os Oz (it 

1 - J ) , L i C O 0.97 T 1 0.03 Oz (it^tfo 1 - 
K) . Li Coo. 97 Cuo.03 Oz MfrMh 1 — L) (w 
:t:=l. 7 — 2. 3) llLt^l^tt)(7;^ 
L^: 0 * 1 (C^-r^fl, ( a ) **W^iE«SWK, 
(b) ¥*&«r^ (/im) , (c) ±tm*m&3~~l 5 
^mc&fcoasfifcsffa (%) , (d) i«HW>tti3 
M mWb^^ft5M (%) , (e) £f«8*3|£ 
l2 5/imW±OWti65*a (%) <D«|d*-r e 

mm<Dj?&:x\ zti?ti{t¥&ffim<Dm&&m&. m 

A. »#U ^rixeML io.97 CoOz Mb*4fc 1 - 
B) . L i C o 0.9 N i o.i Oz (\t^m 1 - C) % Li 
C 0 0.95 Vo.os Oz Cffr&fel— D) , LiCoo.98 V 
0.02 Oz (ft-pftl 1 — E) , LiCoo.75 Feo.25 O 
z tffrfr*l-F) . LiCoo.75 Mno.25 Oz 
1— G) . LiCoo.85 Mno.is Oz Mfr&4fe 1 — 
H) . L i C 0 0.95 Mno.os Oz (it^ty) 1 ~ I ) > L 

i 1.02 C 00.97 Mno.os Oz Ofb-a ^ 1 — J ) . LiC 
00.97 T i 0.03 Oz Ofb-n^l— K) . LiCoo.97 C 
uo.03 Oz (itSty) 1 -L) (Crt* 2 =l. 7 — 2. 
3) JCLT*1 K^i-fc Lfc. 

[0 0 7 2] (JtttfflES«ttrej£H) y ^ 9 * 

-JtSra** T*7 5 OtT'S^ri 

1 : 1 \Ct£%£ o JC^l^L, :M^n9 0 0tt 
8«SlLiCo02 $r#fc 0 K 

ix<h rn^/w h i^-#-5^»> A^>JH^jtdS 1 : 0. 68 : 

o. 3 2i:i« J: 5t-«*U. iM^t^oot 

T8^MLLiCoo.68 Vo.32 Oz. 96 Mb-^^R 
-3) £#7h 0 * 1 iC^-TBS-S-tt. (a) *^^C0IES 
S«JS#^-, (b) (^m) , (c) tfcS®a 

(m 2 /g) . (d) ^M^3-15/im(Ot)^ 
(%) . (e) ifffltSg^mKTO 
t^J& s £*6fls:a (%) . (f) 4fl«TOl2 5/zm 
Ki^tco^^^sfl^a (%) c7^^{c^i- 0 

[0 0 7 3] 

[^1] 



(14) 



^¥7- 2 6 3 0 2 8 
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«1 



(a) ' 


Cb) 


(c) 


(d) 


(e) 


(f ) 


1-A 


8.6 


0. 45 


87 


0 


0 


1-B 


5.5 


0. 67 


87 


0 


0 


1-C 


4. 4 


0.78 


85 


0 


0 


1-D 


5.7 


0. 59 


82 


0 


0 


1 E 


6.8 


0. 44 


88 


0 


0 


1-F 


3.4 


L52 


76 


2 


0 


1-G 


5.8 


Q. 48 


80 


0.4 


0 


1-H 


6.4 


0.46 


85 


0 


0 


1-1 


7.3 


0.35 


88 


0 


0 


1-J 


8.2 


0.23 


87 


0 


0 


1-K 


7.6 


0.09 


85 


0 


0 


1-L 


7.1 


0. 13 


84 


0 


0 


R-l 


2.2 


3. 22 


70 


8 


0 


R-2 


15.8 


0.02 


72 


0 


8 


R-3 


8.5 


a 55 


68 


4 


2 



[0074] m2-m4 T^i-BS*li, ( g ) *&w<o 
(1) *»«wftSS*RWffi*, (h) 
Sfll[el@J*««fi (RSSlSlMlml^tUmA 
h) , (i) 9^*A*HH«WMfc (V) % (j) 

^/Hfc, (k) RIBfflWfcSO 0«ffiKbfci:*©^g 
— (%) <7>^(c^i- 0 SnO. GeO, P b O, P 
bOz, SbzOs. B izOa^TfflgS^r^bfCc, 
SnOzO^jjtS: SnC UiNaOH^bSn (O 
H) 4*-frjfcU S«tt?4 0 0'C4l*|BHS«tTSn 

0 . 0 5 ^ m (A^/MHSD 

S n S i Oa^fiRfe : SnO^Si 02^1^17/^^ 
>#S^vT lOOOt-ClO MftJSt« /Hd 
"C»4#\ 5 fi m<Z> S n S i Os 

L i 2 S n 03 <D^j£& :SnOHi2C03^Sn:L 

1 = l : 2JC*5J:5^»-frLffi«*l 000tT12 

i 2 S n 03^r^#/c 0 
[0 0 7 5] Hlfeftl 1 

i/^f/ut/un-^ 1 lt%^Pt, LT*1 
y— SrfRKUfc. y~5:J?<* 18/im 



30 



i-A£8 7ms°/cu »^m»6fi*%, ri?^ 

pxf u ^*#Sfc4& 3 fifi:% t X V T V y 

2 2 0 nmOfJBElV- KSrf^KlUfco -hfS^l 

4 OTOT^Sii^^Tl 5 0t2WWg; 
y/ptVy7>f^t/<U-^- (t;^-K2 4 0 

till, rn«:*#a*«-e«*#ttiw#EiL*:. 

[0 0 7 6] r<D*HffS:AflB(HF-*:j|fcia5, ^y^r/u 
btC, Ulmol/1 LiPFfi (a^U 

fee jEttW-T-*:*-*-©****:^^^ bfc*LT^L 

*»«*#M±. 4. 3-2. 7 V, 1. 2 5 mA/ cm 
2 i:bfc 0 ^<B«*:fcJ:tfl -B^b 1 -L4tjE«S* 
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(15) 



&ffi¥*7 - 2 6 3 0 2 8 
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[0 0 7 7] 
[312] 



£2 



No. 


(g) 


(h) 


( i) 


(j) 


(k) 


1 


1-A 


357 


3.54 


127 




2 


I-B 


350 


3.51 


129 


0 


3 


1-C 


359 


3. 46 


120 


0 


4 


1-D 


363 


3.44 


137 


0 


5 


1-E 


362 


3.49 


139 


0 


6 


1-F 


354 


3. 34 


115 


0 


7 


1-C 


348 


3. 32 


118 


0 ' 


8 


1-H 


344 


3.37 


123 


0 


9 


1-1 


349 


3. 43 


125 


0 


10 


1-J 


352 


3.50 


125 


0 


J] 


1-K 


340 


3. 47 


110 


0 


12 


1-L 


341 


! 3.44 


116 


0 



[0 0 7 9] 
[^3] 

£3 



No. 


(1) 


<h) 


( i ) 


(j) 


(k) 


1 


SnOz 


295 


3.44 


142 


0 


2 


GeO 


221 


3.4fl 


119 


0 


3 


PbO 


177 


3.50 


107 


0 


4 


PM>> 


167 


3.44 


139 


0 


5 


Bi 3 0, 


184 


3.22 


119 


0 


6 


LitSnO, 


206 


3.37 


155 


0 


7 


- SnSiOs 


288 


3.65 


161 


0 


8 


SbsOs 


238 


3.07 


120 


0 



[0078] nmm 2 

AiffiW^LTSnOz, GeO, PbO. PbOz, 
Sb203, Biz03, SnSiOa. L i2Sn03^ffi 

v\ lEmmmmt lt 1 -A&m^iz&.ftttm&m 1 1 
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an 



[0080] totem 1 

1Effi£m'Kb LTR- 1, R-2, R-3Mfef£%>Wt 
LT. SnO, jE««4MtJ:LTl-A, 1-D, 1- 

i Mmm&nt lt. ;wf;nwo2 . * w^if e 3 

04 l t mmiz LT *3M6 Lfc. 

[0 0 8 1 ] 
[^4] 



No. 


<B> 


(1) 


(h) 


(i> | 


(j ) 


Ck> 


1 


R-l 


SdO 


265 


3.41 i 


62 


l 


2 


R-2 


SnO 


248 


3.39 


79 


4 


3 


R-3 


SnO 


217 


3.35 ! 


84 


3 


4 


1-A 


WOt 


107 


3.39 


54 


0 


5 


ID 


WO* 


94 


3.22 


69 


0 


6 


1-1 


WO 8 


96 


3.27 


.55 


0 


7 


1-A 


Fe»0s 
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